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SECTION I - SUMMARY 
The design and f a b r i c a t i o n  of a small i n t e r n a l l y  insu la ted  f i lament  
wound f i b e r g l a s s  re in forced p l a s t i c  tank f o r  l i q u i d  hydrogen use a r e  
presented. The tank cons is ts  o f  th ree  p a i n  components: f i l ament  wound 
f i b e r g l a s s  shel l ,  i n s u l a t i o n  system, and an impermeable 1 iner. The 
f iberg lass  s h e l l  i s  c y l i n d r i c a l  w i t h  dome ends, 18 inches i n  diameter by 
36 inches o v e r a l l  1 ength, and has a design maximum t e s t  pressure o f  100 
pound pe r  square inch. The s h e l l  cons is ts  o f  S/HTS 20 end g lass rov ing  
i n  a m a t r i x  composed o f  Union Carbideas No. 2256 epoxy r e s i n  and No. ZZL 
0820 hardener. 
pounds per  f o o t  dens i t y  polyurethane foam encapsulated i n  a vacuum t i g h t  
j a c k e t  o f  aluminum-Mylar-aluminum f o i l  laminate. The impermeable 1 i n e r  
cons is t s  o f  a s i m i l a r  laminate and i s  located i n s i d e  bu t  not a t tached to  
t h e  insu la t ion .  The tank weight, excluding a metal f i l l  tube i s  12.25 
pounds. Some basic  p roper ty  data for  some o f  t h e  ma te r ia l s  used i n  t h e  
tank a re  a l so  presented. 
The i n s u l a t i o n  i s  located i n t e r n a l l y  and cons is ts  o f  4 
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SECTION I I  - INTRODUCTION 
The p o t e n t i a l  performance o f  present day l i q u i d  hydrogen (LH ) fue led  
rockets  can be s u b s t a n t i a l l y  improved by reducing the  weight o f  t $ e  fue l  
tank. 
than f o r  o the r  fuels. Thus, t he  need f o r  a f i g h t  weight tank s t r u c t u r e  
becomes imperative. The p o t e n t i a l  weight saving poss ib le  w i t h  f i lament  
wound s t ruc tu res  and the  b u i l t  i n  i n s u l a t i o n  p o s s i b i l i t i e s  prompted t h i s  
p rog ram. 
Because o f  t he  very l o w  densi ty  o f  LH storage tanks a re  much la rge r  
The program ob jec t i ves  were to develop and f a b r i c a t e  a l i g h t  weight 
l i q u i d  p r o p e l l a n t  tank having t h e  fo l low ing  s t r u c t u r a l  cha rac te r i s t i cs :  
1. A l i g h t  weight load ca r ry ing  re in fo rced p l a s t i c  s h e l l  const ructed by 
t h e  f i lament  winding process. 
2. A t h i n  impermeable l i n e r  capable o f  con ta in ing  l i q u i d  o r  gaseous 
hydrogen. 
3. An i n t e r n a l  l i g h t  weight thermal p r o t e c t i o n  system employing low 
dens i t y  p l a s t i c  foam encapsulated i n  a vacuum t i g h t  casing. 
4. The completed subscale tank was designed t o  conta in  l i q u i d  hydrogen 
a t  pressures up t o  100 p s i  f o r  s i x  (6) temperature cycles. 
5. The capac i ty  o f  the  subscale tank was t o  be 40 gal lons. 
To accompl i s h  t h e  ob jec t i ves  a concurrent two p a r t  program o f  ma te r ia l s  
and process development and tank  f a b r i c a t i o n  was conducted as de l ineated  i n  
Sections I l l  and I V  o f  t h i s  report.  The program encompassed t h e  design, 
development and f a b r i c a t i o n  o f  a subscale f i lament  wound l i q u i d  hydrogen 
tank having an i n t e r n a l  i n s u l a t i o n  system. The completed tank was de l i ve red  
t o  NASA, Lewis Research Center on June 6, 1963 f o r  thermal and s t r u c t u r a l  
t e s t i n g  and evaluation. 
This f i n a l  repo r t  describes t h e  work performed by Goodyear Aerospace 
Corporation (GAC) on National Aeronautics and Space Admin is t ra t ion  (NASA) 
Contract NAS 3-2291. Close techn ica l  1 i a i son  between NASA, Lewis Research 
Center and Goodyear Aerospace a f fo rded  dec is ions and so lu t i ons  t o  many 
d i f f i c u l t  problem areas. This  e f f e c t i v e  coord ina t ion  con t r i bu ted  s i g n i f i -  
c a n t l y  t o  t h e  successful completion o f  t h e  program. 
SECTION 1 1 1  - TECHNICAL DISCUSSION 
1. General 
To demonstrate the f e a s i b i l i t y  o f  an i n t e r n a l l y  i nsu la ted  f i lament  
wound tank, a modi f ied ABL 6400 pressure vessel con f i gu ra t i on  was 
selected f o r  t h e  t e s t  tank. The mod i f i ca t i ons  consis ted o f  increas ing 
the o v e r a l l  leng th  from 24" t o  36" and e l i m i n a t i n g  t h e  hub opening on 
one dome end as  shown on Figures 1 and 2. The tank has an approximate 
capaci ty  o f  40 gal lons. 
App l i ca t i on  o f  e x i s t i n g  l i gh twe igh t  external  i n s u l a t i o n  technology 
toward t h e  development o f  the  l i g h t  weight glass-wound tank and i n t e g r a l  
i n s u l a t i o n  system posed new and d i f f e r e n t  problems. 
w i th  two major problem areas: 
Herein GAC was faced 
(1)  An i n t e r n a l  i n s u l a t i o n  requirement 
(2) A 1 i n e r  (requirement) capable o f  con ta in ing  1 i q u i d  hydrogen 
The design aspects o f  t h i s  tank invo lved cons idera t ion  o f  thermal 
expansion c o e f f i c i e n t s  o f  a1 1 elements, t h e  1 iner, i n s u l a t i o n  system 
and the  s t r u c t u r a l  she l l .  Other major cons iderat ions were t h e  vapor 
t ightness o f  i n s u l a t i o n  j acke ts  and i n t e g r i t y  o f  adhesive bonded j o i n t s  
a t  cryogenic temperatures. Deta i led  discussions o f  these and o ther  
problem areas a re  presented i n  t h e  ensuing techn ica l  discussions o f  
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2. 
each of the subject tank components. 
tank as portrayed on GAC Dwg. 62QS614 shown in Figure 3 are: 
(A) A filament wound fiberglass structural shell. 
The major components of the 
(B) A three piece insulation assembly comprised of a top dome and 
full neck assembly, a cy1 inder section assembly and a bottom 
dome assembly. 
(C) A cryogenic liner assembly is comprised o f  two dome ends and 
cy1 inder section which are assembled to fit closely against 
the inner wall of the insulation assembly. 
(D) A1 1 components of the cryogenic 1 iner and the vacuum jackets 
over the foam were fabricated from thin aluminum-mylar-aluminum 
foil laminate and are bonded together with a polyamid-epoxy 
resin system developed and tested for this program. 
Filament Wound Fiberqlass Structural Shell 
In the design o f  the structural shell the major consideration 
was to affect a low shell strain at the maximum test pressure of 100 
psi, thereby reducing the accumulative thermal shrink and internal 
pressurization strains on the insulation and cryogenic 1 iner components. 
To this end, the filament wound shell is o f  a balanced design. 
It consisted of a full 360 degree longo wrap (two layers of roving) 
with 412 total ends per inch and four layers of circo wrap with 736 
total ends per inch o f  S/HTS 20 end glass roving wet impregnated with 
Union Carbide 2256 epoxy resin. The resin hardener selected for this 
application was the Union Carbide, ZZL 0820, a liquid eutectic blend 
of aromatic amine type hardeners. 
combination was based on a low temperature cure requirement and the 
excellent handling characteristics of this resin system. The low 
temperature cure is mandated by the low heat distortion temperature 
o f  the foam insulation. 
The selection of this resin - hardener 
The construction out1 ined above is somewhat heavier (.04011 in 
the cylinder section) than required for the 100 psi internal pressure, 
however this construction is considered a practical minimum to create 
a tank shell sufficiently rigid to withstand handling loads. The 
construction as designed will withstand internal static pressures in 
excess of 600 psi. As shown on Figure 3 the normal polar opening and 
hub associated with ABL-6400 pressure vessels has been el iminated from 
one end of the structural shell, however a small reinforced plastic 
boss is provided to anchor the longo wrapped rovings and to accommodate 
the pressure tap protruding from the bottom insulation dome. 
opposite end of the tank, the fill neck flange has a recessed annular 
groove to anchor the longo wrapped rovings. 
On the 
3 
3. In te rna l  I n s u l a t i o n  Assembly 
For optimum e f f i c i e n c y  t h e  thermal i n s u l a t i o n  was designed 
t o  be located on t h e  i ns ide  o f  t h e  f i lament  wound s t r u c t u r a l  she l l .  
The major reasons f o r  i n t e r n a l  l o c a t i o n  were: 
(1) To p ro tec t  t h e  r e l a t i v e l y  d e l i c a t e  i n s u l a t i o n  from damage 
w h i l e  handl ing t h e  tank. 
(2) The i n t e r n a l  i n s u l a t i o n  would p rov ide  a backup l i n e r  assembly. 
To f a c i l  i t a t e  fabr icat ion,  t h e  i n t e r n a l  i n s u l a t i o n  i s  d i v ided  
( 1 )  t h e  upper dome, (2) t he  cy1 inder  i n to  th ree  sections, namely: 
section, (3 )  and t h e  lower dome. Each sec t i on  i s  comprised o f  po ly-  
urethane foam encased i n  a vacuum t i g h t  j a c k e t  o f  aluminum-mylar- 
aluminum f o i l  laminate, hereaf ter  designated as AMA i n  t h i s  report.  
The foam provides a s t r u c t u r a l  media f o r  t r a n s m i t t i n g  LH 
pressure loads t o  t h e  external  f i l ament  wound s t r u c t u r a l  s h e l f  when 
the pressure i ns ide  the  panels i s  reduced by cryopumping. 
The cryopumping phenomena which takes p lace  w i t h i n  t h e  foam 
i n s u l a t i o n  dur ing  actual  storage o f  l i q u i d  hydrogen i s  b e n e f i c i a l  
t o  t h e  performance o f  t h i s  i n s u l a t i o n  system. The r e l i a b i l i t y  o f  
t h i s  i n s u l a t i o n  system i s  dependent on one s t r i n g e n t  requirement 
tha t  t he  vacuum jacke ts  over t h e  foam be leak t i g h t  and remain so 
throughout t h e  use fu l  l i f e  o f  the  insu la t ion .  To achieve the  des i red 
r e l i a b i l i t y ,  t h e  vacuum j a c k e t  mater ia l  was se lected on the  bas is  o f  
previous experience. During a program conducted f o r  NASA, Lewis 
Research Center on the  development o f  a l i gh twe igh t  i n s u l a t i o n  system 
fo r  metal tanks, t h e  seal ing  re1 i a b i  1 i t y  a t  cryogenic temperatures o f  
aluminum-mylar-aluminum f o i l  laminates was demonstrated. Also favor ing  
the s e l e c t i o n  o f  t h i s  mater ia l  i s  t he  f o r m a b i l i t y  t o  permi t  f a b r i c a t i o n  
i n to  shapes requi red by the, i n s u l a t i o n  and 1 i n e r  components. 
The foam i n s u l a t i o n  thickness f o r  t h i s  tank was .50 inch and was 
selected t o  f a c i  1 i t a t e  t h e  f a b r i c a t  i on  o f  dome ends by foam- i n-pl ace 
techniques. Se lec t ion  o f  t h e  foam dens i t y  was based upon compressive 
s t rength  requirements o f  t he  foam t o  w i ths tand 100 p s i  pressure. GAC 
supplied se lected foam samples t o  NASA f o r  determinat ion o f  compressive 
y i e l d  s t ress  a t  room temperature and -320OF. Test r e s u l t s  i n  F igure  4 
show foam compressive s t ress  as a func t i on  o f  dens i t y  and temperature. 
For t h i s  tank a foam dens i t y  of 4.0 l b / f t 3  was se lected having a 
compressive s t rength  o f  150 p s i  a t  1 i q u i d  n i t rogen  temperature, 
The t e s t  r e s u l t s  show an improvement i n  compressive s t rength  w i t h  
decrease i n  temperature the re fo re  a t  l i q u i d  hydrogen temperatures 
greater than 150 p s i  compressive s t rength  i s  expected. 
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The i n s u l a t i o n  i s  d iv ided i n t o  three component p a r t s  due t o  
vacuum j a c k e t  f a b r i c a t i o n  considerations. 
j a c k e t s  having a minimum o f  seams, i t  i s  des i rab le  t o  f a b r i c a t e  these 
f o i l  gage j a c k e t s  as one p iece shel ls .  
t h e  aluminum and mylar layers i n  the shel l ,  the depth o f  forming the 
sheets i s  l i m i t e d  t o  approximately one t h i r d  the diameter. Inasmuch 
R/H a t  about 1.5 i t  was poss ib le  t o  spin form the AMA shel ls .  
techniques t o  form these dome s h e l l s  are f e a s i b l e  when t h e  r a t i o  o f  
aluminum t o  mylar i s  approximately 2 t o  1 o r  greater. The s h e l l s  a re  
const ructed from .005" t h i c k  f o i l  laminate comprised o f  .002 aluminum, 
.001 mylar, .002 aluminum (AMA). The dome i n s u l a t i o n  inner and ou ter  
vacuum j a c k e t  s h e l l s  a re  sealed together a t  t h e  base diameter by a 
.0051t t h i c k  spin-formed AMA channel sect ion bonded t o  the jackets .  
The c y l i n d e r  sec t ion  i n s u l a t i o n  vacuum jackets  a re  pre-stretched .0024" 
t h i c k  AMA sheets f i t t e d  and bonded to  the inner and ou ter  wa l ls  o f  
the foam cy l inder .  Sealing the  vacuum jackets  i s  completed a t  each 
end o f  the i n s u l a t i o n  c y l i n d e r  by bonding s p i n  formed .005" t h i c k  AMA 
channel sect ions t o  the jackets .  
To prov ide dome ends vacuum 
To preclude delaminat ion of 
I as the  domes requi red for f i lament winding are  o b l a t e  spheroids having 
Spinning 
To increase the vapor t ightness r e l i a b i l i t y  o f  bonded seams, a l l  
the seams are  designed w i t h  a .0017" AMA doubler s t r i p  bonded i n  place 
over lapping the i n i t i a l  seam. 
An important fea ture  incorporated i n  the  design o f  t h i s  prototype 
tank i s  a glass c l o t h  layer  i n  the foam t o  vacuum j a c k e t  in ter face.  
The glass c l o t h  i s  a bleeder p l y  incorporated t o  serve t h e  f o l l o w i n g  
pu r pos es : 
(1) F a c i l i t a t e  leak checking the vacuum j a c k e t s  on each o f  the insu- 
l a t i o n  components. 
(2) Permit moni tor ing o f  the pressure w i t h i n  the i n s u l a t i o n  dur ing 
performance t e s t i n g  o f  the  tank. 
(3) Permit r a p i d  de tec t ion  and vacuum pumping o f  small leaks i f  they 
occur i n  the  vacuum jackets  dur ing tests .  
Considerable e f f o r t  was expended t o  develop a successful technique 
t o  incorporate the  d r y  bleeder p l y  i n  a foamed-in-place i n s u l a t i o n  
domes. The foam-in-place process employs l i q u i d  res ins  which normal ly 
would impregnate the  dry  c l o t h  t h a t  i s  placed against  the vacuum 
j a c k e t s  before the  foam r e s i n  i s  poured. 
Resin o r  foam impregnation would ser ious ly  hamper t h e  e f f e c t i v e n e s s ,  
of  the bleeder p ly .  To preclude t h e  undesirable foaming r e s i n  impreg- 
na t ion  and prov ide good adhesion between the bleeder c l o t h  and foam, 
a sprayed i n  p lace tkocoonll was developed as a b a r r i e r  media. The 
lkocoonll a p p l i c a t i o n  involves the use of  a po lyester  r e s i n  formulated 
t o  be a i r  gun sprayed such t h a t  a tacky spider web o f  r e s i n  i s  p l i e d  
upon the  glass c l o t h  bleeder t o  b u i l d  up a t h i n  cocoon- l ike s k i n  t h a t  
i s  impervious t o  the  foaming res in .  The tacky sp ider  web r e s i n  adheres 
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t o  but  does no t  permeate i n t o  the glass bleeder c lo th .  
To u t i l i z e  the bleeder p l i e s  described above, the bleeder p l i e s  
o f  each i n s u l a t i o n  sec t ion  are  connected t o  the adjacent sect ions t h r u  
four  bleeder p l y  patches shown on the e x t e r i o r  o f  t h e  i n s u l a t i o n  shown 
i n  Sections C-C and D-D i n  Figure 3. The bleeder p l i e s  o f  the bottom 
dome are vented t o  a pressure tap  pro t rud ing  from the outer  vacuum 
j a c k e t  shown i n  d e t a i l  A of  F igure 3. 
The upper i n s u l a t i o n  done assembly i s  designed t o  incorporate a 
s ta in less  see1 f i  1 1  neck. The inner and ou ter  vacuum j a c k e t s  a r e  
bonded t o  a dual f lange a t  the base o f  the f i l l  neck. A 7" long .015" 
wa l l  sect ion i s  provided i n  the f i l l  neck stem t o  minimize heat leak 
i n t o  t h e  tank t h r u  the long t h i n  wal l  tube section. A removable sleeve 
i s  provided t o  r e i n f o r c e  the t h i n  wa l l  f i l l e r  neck t o  wi thstand 
f a b r i c a t i o n  and hand1 ing o f  the tank. 
4. Cryoqeni c L i  ner Assembly 
To prov ide maximum assurance o f  achieving a leak t i g h t  cryogenic 
l i n e r  and de-emphasize the importance o f  achieving leak t i g h t  j o i n t s  
between i n s u l a t i o n  components, the cryogenic l i n e r  i s  designed as a 
separate un i t .  As shown i n  F igure 3 the bas ic  components o f  the cryo- 
genic l i n e r  a r e  a dome on each end and a c y l i n d e r  sect ion.  
The dome por t ions  are designed as sp in  formed .00511 AMA s h e l l s  
s i m i l a r  t o  the i n s u l a t i o n  vacuum jackets.  The c y l i n d e r  sec t ion  i s  a 
s i n g l e  sheet o f  .O02ht1 prest retched AMA formed i n t o  a cy1 inder and 
j o i n e d  w i t h  one long i tud ina l  l a p  j o i n t  seam. F igure 3 d e t a i l  E shows 
the method o f  l ap  j o i n t  connection between the dome ends and the c y l i n d e r  
section. A l l  j o i n t s  are covered w i t h  an ex t ra  layer  o f  . O O l 7 "  t h i c k  
AMA tape t o  r e i n f o r c e  the j o i n t s  and increase the re1  i a b i  1 i t y  o f  the 
seal. As shown in Figure 3 d e t a i l  B the upper dome i s  bonded t o  the 
innder vacuum jacket  o f  the thermal i n s u l a t i o n  dome i n  the area o f  the 
fill neck f i t t i n g  flange. 
5. Adhesive Evaluat ion 
O f  prime considerat ion i n  the design o f  t h i s  tank was the method 
o f  j o i n i n g  the cryogenic 1 i n e r  and i n s u l a t i o n  vacuum j a c k e t  components 
t o  obta in  hermet ica l l y  sealed j o i n t s .  
A room temperature adhesive bonding method was selected t o  f u l f i l l  
the fo l lowing requirements: 
(a) Low permeabi 1 i t y  a t  LH2 temperature. 
(b) Cure a t  temperature not det r imenta l  t o  the foam insu la t ion .  l b e  
desired cure temperature range i f  75°F t o  180°F. 
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(c) Ease o f  mix ing and a p p l i c a t i o n  t o  substrate: 
Bond l i n e  t e s t  samples were fabr icated per  Figure 5 and submitted 
t o  the NASA Lewis Research Center f o r  leak t e s t i n g  a t  LH2 temperatures. 
These t e s t s  evaluated methods of surface prepara t ion  as we l l  as adhesives. 
On the bas is  of t e s t  r e s u l t s  reported in a proposed NASA technica l  memoran- 
dum, the adhesive system selected for assembly o f  the cryogenic l i n e r  and 
i n s u l a t i o n  vacuum j a c k e t  components was: 
Resin Mix: Epon 828 65 p a r t s  by weight 
Versamid 125 35 p a r t s  by weight 
Surface P repa r a t  i on: 
Cure: Room Temperature (75°F) 8 hours, pressure 
Chem-Lock treatment 
5 t o  15 p s i  
6. Mater ia ls  Test inq and Analysis 
A mater ia l  t e s t  program was undertaken t o  determine the proper t ies  
o f  the aluminum-mylar-aluminum laminates. Tests were conducted a t  both 
room temperature and a t  -300°F. Table I shows the t e s t s  t h a t  were con- 
ducted and the r e s u l t s  o f  these tes ts .  Figures 6 t h r u  12 show t y p i c a l  
load s t r a i n  curves recorded dur ing  these tests .  
Because o f  the  d i f fe rences  i n  t h e  c o e f f i c i e n t  o f  thermal cont rac t ion  
f o r  the aluminum-mylar-aluminum l i n e r  and the filament-wound f i b e r g l a s s  
tank, the  1 i n e r  w i  1 1  shr ink  away from the tank upon cool ing t o  -423°F. 
I t  was determined by NASA personnel that  the  l i n e r  would shr ink  approxi- 
mately 0.0035 i n / i n  more than the f iberg lass  tank. Upon pressur iza t ion  
the l i n e r  would then be enlarged t h i s  i n i t i a l  amount p lus the amount 
the tank expands. The f i b e r g l a s s  tank w i l l  expand as fo l lows upon pres- 
s u r i z a t i o n  t o  100 ps i :  
Hoop Mater ia l  Thickness = .025 inches 
Radius - 8.95 inches 
Stress = = 100 x 8.95 = 35,800 ps i  
t .025 
6 Modulus o f  E l a s t i c i t y  o f  Hoop Laminate = 6.50 x 10 p s i  
6 = .0055 inches/inch 35,800 6.50 x 10 S t r a i n  = 
Therefore i f  the  tank i s  pressurized t o  100 p s i  a f t e r  being cooled t o  
-423'F, the l i n e r  w i l l  expand a t o t a l  o f  0.0035+0.0055 o r  0.0090 inches/inch. 
As can be seen i n  F:gure 10 a s t r a i n  o f  approximately .0045 inches/inch 
causes a permanent set  i n  the l i n e r  mater ia l  o f  approximately .0015 inches/ 
inch. Therefore the l i n e r  a f t e r  one cyc le i s  l a r g e r  than the tank which 
causes the  1 i ne r  t o  w r i n k l e  upon depressurization. Upon repressur iza t ion  
these wr ink les  can e a s i l y  crease, causing breaks i n  the  1 iner. I t  was 
found f r o m  the above mater ia l  t e s t s  that  i f  the l i n e r  mater ia l  i s  loaded 
t o  a l e v e l  above i t s  e l a s t i c  l i m i t ,  subsequent loadings t o  a lower load 
leve l  produces no f u r t h e r  permanent set (see Figures 8 and 10). There- 
f o r e  i t  was decided t o  load the l i n e r  mater ia l  t o  25 l b / i n  a t  room tmpera-  
t u r e  p r i o r  t o  using as a l i n e r  t o  keep the permanent se t  and there fore  
t h e  wr ink les  t o  a minimum (see F igure 12). 
d i d  no t  change the  u l t i m a t e  s t rength  of  the  mater ia l .  
This pre- loading and c y c l i n g  
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SECTION I V  - FABRICATION 
1. General 
form 
comp 
fabr  
o f  a 
1 eak 
w i  1 1  
The ma te r ia l s  and processes developed and employed i n  cons t ruc t i on  
o f  the subject  tank  a re  be l ieved t o  represent a major achievement toward 
demonstrating techniques app l i cab le  t o  f a b r i c a t i o n  o f  l a r g e  f l i g h t  type 
l i q u i d  p rope l l an t  tanks. Poss ib ly  t h e  s ingu la r  exception would be t h e  
sp in  forming technique o f  forming t h e  aluminum f o i l  laminate dome end 
shel ls. 
a l a rge r  tank may requ i re  a gore panel cons t ruc t i on  o f  the  dome end s h e l l  
and methods such as s t r e t c h  forming o r  press forming cou ld  be u t i l i z e d  t o  
l a rge  gore panel segments which would be adhesive bonded together  t o  
e t e  a l a rge  dome. No d i f f i c u l t i e s  a r e  a n t i c i p a t e d  i n  sca l i ng  up t h e  
c a t i o n  techniques r e l a t e d  t o  the  foam insulat ion,  adhesive bonding 
uminum f o i l  laminate, f i l ament  winding o f  t he  s t r u c t u r a l  s h e l l  and 
t e s t i n g  o f  component p a r t s  and completed assembly. 
Wherein t h e  s h e l l s  f o r  t h e  subject  tank were spun i n  one piece, 
A l l  adhesive bonding noted i n  the  ensuing f a b r i c a t i o n  discussion, 
u t i l i z e  t h e  Epon 828 - Versamid 125 polyamid epoxy r e s i n  system 
selected from t h e  adhesive eva lua t ion  program presented i n  Sect ion 1 1 1  
5 o f  t h i s  report.  
2. Mandrel 
The winding mandrel f o r  t he  sub jec t  tank was designed and fab r i ca ted  
i n  a manner t o  insure complete removal from the  tank w i thout  damage t o  
t h e  AMA cryogenic l i n e r  and the  i n s u l a t i o n  components As shown on Figures 
foam machined t o  match the  i ns ide  contours o f  t he  cryogenic l i n e r .  The 
foam mandrel i s  assembled on a ho l low s tee l  sha f t  which i s  designed t o  
t ransmi t  torque t o  the  foam mandrel through a p a i r  o f  blades, see F igure 
13, t h a t  f o l d  i n t o  the  shaf t  dur ing  sha f t  and mandrel removal. A s tee l  
bushing i s  provided t o  p o s i t i o n  the  f i l l  neck f i t t i n g  on t h e  s h a f t  as 
shown i n  Figures 14 and 15. The mandrel i s  designed t o  be removed by 
d i sso l v ing  and washing o u t  w i t h  s a f e t y  solvents. 
13 and 14 t h e  mandrel assembly i s  comprised o f  5 #/ft 3 dens i ty  po lys ty rene 
3. Cryogenic L i n e r  
The cryogenic l i n e r  i s  comprised o f  t h ree  components, a dome on each 
end and a c y l i n d e r  section. Fabr i ca t i on  o f  t h e  l i n e r  begins w i t h  s p i n  
forming t h e  dome shel 1s. These shel 1s a r e  spun from .005" AMA which i s  
sandwiched between two .O5O" t h i c k  aluminum sheets. A f t e r  sp inn ing t o  
shape, t h e  heavier  sheets a r e  c a r e f u l l y  removed leav ing  a t y p i c a l  spun 
AMA dome shown i n  F igure 16. 
The assembly o f  t h e  cryogenic l i n e r  over  the  foam mandrel begins 
w i t h  t h e  i n s t a l l a t i o n  o f  t he  top  dome i n s u l a t i o n  assembly on t h e  mandrel 
as shown on F igure  17. On t h i s  tank  t h e  top  dome o f  t h e  cryogenic 1 i n e r  
i s  bonded t o  t h e  f i l l  neck f lange the re fo re  i t  became a p a r t  o f  t h e  top  
i n s u l a t i o n  dome assembly. The l i n e r  dome i s  shown p ro t rud ing  from t h e  base 
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o f  t h e  i n s u l a t i o n  on F igure 18. The assembly o f  t he  cryogenic l i n e r  
i s  accomplished as shown on F igure 19 by p lac ing  the  bottom AMA dome 
over the  mandrel and a s i n g l e  sheet o f  pre-stretched .0024" AMA i s  
wrapped over the  mandrel and bonded w i th  a l ap  j o i n t  seam a t  each dome 
end and w i t h  one long i tud ina l  lap  j o i n t  seam. 
AMA a r e  bonded on a l l  seams t o  complete the  cryogenic l i n e r  assembly. 
Leak t igh tness  o f  t he  l i n e r  assembly i s  v e r i f i e d  by mass spectrometer 
hel ium leak detector  techniques to q u a l i f y  t he  l i n e r  f o r  subsequent 
process i ng o f  t he  tank. 
Doubler s t r i p s  o f  .0017" 
4. I n s u l a t i o n  Components 
.The i n s u l a t i o n  i s  d iv ided i n t o  three component parts, (1) t he  top 
dome assembly inc lud ing  the  f i l l e r  neck tube, (2) the  cy1 inder sec t i on  
i n s u l a t i o n  and (3) t he  bottom insu la t i on  dome inc lud ing  the  pressure tap. 
Common t o  each o f  the  components a re  the bas ic  i n s u l a t i o n  elements. 
(A) Polyurethane foam i n s u l a t i o n  
(B) Aluminum f o i l  (AMA) vacuum jackets  
(C) Glass c l o t h  bleeder p l y  located on foam t o  vacuum j a c k e t  i n t e r f a c e  
Fabr ica t ion  o f  t he  upper i nsu la t i on  dome assembly u t i l i z e s  the  foam- 
in-p lace technique developed fo r  t h i s  program as described i n  Sect ion I l l  
3. 
shown i n  Figure 16. The inner  j acke t  i s  app l ied  over a male p lug  o f  t he  
foaming mold and t h e  ou te r  j acke t  i s  placed i n t o  the  c a v i t y  o f  t he  foaming 
mold. The s ta in less  s tee l  f i l l e r  neck top f lange i s  bonded t o  the  ou te r  
vacuum j a c k e t  and a bleeder p l y  o f  181 glass c l o t h  i s  bonded t o  the  I . D .  
of  the  vacuum j a c k e t  as shown i n  Figure 20. The g lass c l o t h  t o  vacuum 
j a c k e t  bond i s  made w i t h  a t h i n  f i l m  o f  pigmented polyamid epoxy r e s i n  
pa in ted  on the  aluminum f o i l  sur face and al lowed t o  reach a tacky s t a t e  
be fore  apply ing the 181 glass c l o t h  layer. Th is  method has provided an 
exce l l en t  bond w i t h  a minimum r e s i n  migra t ion  i n t o  the  bleeder c lo th.  
The b a r r i e r  f i l m  o f  po lyes ter  r e s i n  i s  sprayed over the  e n t i r e  inner  
sur face o f  t he  g lass c l o t h  and oven dr ied t o  form a s k i n  as shown i n  
F igure  21. Also shown i s  the  inner vacuum jacke t  w i t h  the  glass bleeder 
p l y  and r e s i n  b a r r i e r  f i l m  app l ied  i n  the same manner as described above. 
For c l a r i t y ,  t he  inner  vacuum jacket  i s  l i f t e d  o f f  the  male p lug  o f  t he  
foaming mold and the  bonding area o f  the j acke t  and f i l l  neck f lange a re  
prepared f o r  adhesive. The inner  vacuum jacke t  was placed onto the  f i l l  
neck f lange and centered w i t h  a s i l i c o n e  rubber p lug  f i t t e d  i n t o  t h e  f i l l  
neck opening as shown i n  F igure 22. 
bond, weight was placed on the  p lug  and al lowed t o  remain dur ing the  cure  
o f  bonding resin. A f t e r  bonding the  vacuum jacke ts  t o  the  f i l l  neck 
flange, t he  male p lug  mold was c a r e f u l l y  inser ted  i n t o  the  inner j acke t  
and secured t o  the  female mold as shown i n  F igure 23. The .SO" annular 
space between the  vacuum jackets  i s  now c o n t r o l l e d  by the  p lug  t o  c a v i t y  
c learance i n  t h e  foaming mold. The foam r e s i n  funnel cups a re  placed i n  
four  places as shown i n  F igure 23. The e n t i r e  mold and vacuum jacke ts  
The inner  and ou ter  vacuum jackets  a re  spun from .OO5" t h i c k  AMA 
To prov ide  contact  pressure t o  the  
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assembly i s  preheated t o  12OOF p r i o r  t o  pour ing foam resin. 
4 # / f t 3  densi ty  foam r e s i n  formulat ion i s  mixed as fo l lows:  
A 
100 P B W  Plaskon PFR #5 Resin 
.2 PBW Dabco Cata lyst  
22 PBW T r  i ch 1 o romono f 1 u romethane B 1 ow i ng Agent 
110 PBW Nacconate 1080 HM Isocyanate Prepolymer 
2 PBW L-521 S i  1 icone Sur factant  
*PBW = Parts by Weight 
The foam r e s i n  mix tu re  i s  d i v i d e d  i n t o  f o u r  p a r t s  and immediately 
poured i n t o  the mold w i t h  t h e  at tendant foam r i s e  and f low o u t  as shown 
on Figures 24 and 25. The foani i s  a l lowed t o  reach an i n i t i a l  cure i n  
30 minutes a t  room temperature fo l lowed by an oven post cure a t  120" f o r  
8 hours. The excess foam i s  trimmed away and the  male p lug  w i t h  t h e  p a r t  
a r e  removed from t h e  female mold. F ina l  t r i m  i s  accomplished by sanding 
t h e  foam and AMA jacke ts  t o  the t r i m  l i n e  establ ished by the  base diameter 
o f  t h e  male mold plug. The p a r t  i s  then removed from the male mold and a 
s p i n  formed .005" AMA channel (See F igure 26) and at tendant doubler s t r i p s  
a r e  bonded t o  t h e  base o f  the i n s u l a t i o n  dome t o  complete t h i s p a r t  as 
shown on F igure 27. The ef fect iveness o f  the  f a b r i c a t i o n  technique 
described above to  achieve a d ry  bleeder p l y  o f  g lass c l o t h  between t h e  
foamed-in-place foam i n s u l a t i o n  and t h e  AMA vacuum j a c k e t  i s  i l l u s t r a t e d  
i n  Figure 28 where t h e  outervacuum j a c k e t  has been peeled away revea l ing  
t h e  dry  glass c l o t h  underneath. 
The bottom i n s u l a t i o n  dome assembly was fabr ica ted  i n  a manner 
s i m i l a r  t o  the  top i n s u l a t i o n  dome described above w i t h  except ion o f  t h e  
processing associated w i t h  t h e  f i l l e r  neck. 
j a c k e t s  prepared f o r  foaming operat ion a r e  shown on F igure 29. A com- 
p l e t e d  bottom dome assembly less the  doubler s t r i p s  on channel bond seams 
i s  shown i n  F igure 30. 
The inner and ou ter  vacuum 
The c y l i n d e r  sect ion i n s u l a t i o n  i s  constructed from a 4 #/ft3 dens i ty  
polyurethane foam c y l i n d e r  t h a t  i s  O.D. machined t o  a .5O" w a l l  th ickness 
from a 3" t h i c k  wa l l  c y l i n d e r  30" long created by the foam-in-place 
technique. The heavy wa l l  th ickness i s  requi red t o  achieve a uni form 
foam densi ty  throughout a c y l i n d e r  o f  t h i s  diameter and length. The heavy 
w a l l  foam c y l i n d e r  i s  foamed between a t e f l o n  coated mandrel and a 
c y l i n d r i c a l  sheet metal shroud centered about the  mandrel w i t h  approximately 
th ree  inches r a d i a l  clearance. The foam r e s i n  mix was as fo l lows:  
100 P B W  Plaskon PFR #5 Resin 
.2 PBW Dabco Cata lyst  
15 PBW Trichloromonofluromethane Blowing Agent 
110 PBW Nacconate 1080 HM Isocyanate Prepolymer 
2 PBW L-521 S i  1 icone Sur factant  
*PBW = Parts by Weight 
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The mandrel is wrapped with four plies of style 128 glass 
cloth having release agent sprayed over each layer. 
layer of style 104 cloth was applied over the 128 cloth layers. 
The 128 cloth serves as a bleeder to remove foam gases that would 
otherwise be trapped on the I.D. surface of the foam cy1 inder. 
The style 104 cloth reinforces the surface of the foam to prevent 
foam tear out when the bleeder plies are peeled out. 
attempts were made to establish the proper processing parameters 
of cylinder length, bleeder ply thickness and foam formulation to 
obtain the desired thick wall foam cylinder of sufficient length 
and uniform foam density. While still on the mandrel, the heavy 
wall foam cy1 inder was machined to .50" wall thickness. Figure 31 
portrays the machined cylinder before final end trim. The O.D. is 
covered with glass cloth bleeder ply and the outer vacuum jacket of 
pre-stretched .0024" AMA. 
bleeder ply bonded to the foam. 
length is shown on Figure 32. 
.001711 doubler strips are bonded to each end o f  the cy1 inder to 
complete this assembly. 
A fifth 
Up to six 
The I . D .  has the style 181 glass cloth 
The cylinder section trimmed to 
A .005" M A  channel, Figure 33, and 
To verify the leak tightness o f  the vacuum jackets on each of 
the three insulation components, they were leak tested by a mass 
spectrometer he1 ium leak detector technique wherein a temporary 
pressure tap was attached to the outer vacuum jacket and the foam 
vol ume pumped down to 25 micrnos by the he1 ium 1 eak detector roughi ng 
and diffusion pumps. A stream of helium gas was directed over the 
jackets with particular emphasis on the bond line seams. Any leaks 
were isolated and repaired before accepting the insulation components 
for final assembly. Figure 34 shows the cylinder section under test 
for leakage. 
roughing and on the left is a Veeco MS-9 helium leak detector. Leak 
test setup for the upper insulation dome is shown in Figures 35 and 36. 
On the right is a Kinney vacuum station used for roughing and on the 
left is a CVC helium leak detector. 
On the right is a 4" Veeco vacuum station used for 
5. Assembly of Insulation on Mandrel 
Aspreviously noted, the upper insulation dome is installed on the 
mandrel during the assembly of the cryogenic liner per Figure 18. 
complete the assembly of the insulation over the mandrel and cryogenic 
liner, the cylinder section insulation is slipped onto the mandrel and 
slid up to the top dome. The aft insulation dome is placed on the mandrel 
and pushed in place against the cylinder section. Circumferential splice 
strips of .0024" AMA and .OOlj"' AMA doubler strips are bonded to the butt 
joints between the insulation components as shown on Figures 37 and 38. 
To interconnect the bleeder plies of each insulation component, four 
bleeder patches were added at each joint between cy1 inder and dome 
insulations. Each bleeder patch is comprised of a glass cloth strip 
overlapping a hole in each outer vacuum jacket, and a .0024" AMA cover 
To 
1 1  
p l y  over t h e  glass c lo th.  
over each patch area as shown on Figures 37 and 38. With t h e  a d d i t i o n  
o f  the bleeder patches, t h e  e n t i r e  i n s u l a t i o n  bleeder p l y  system i s  -. 
vented t o  the  pressure tap  permanently i n s t a l l e d  i n  the  bottom insula- 
t i o n  dome as shown on the l e f t  i n  F igure 38. 
tap, t h e  completed i n s u l a t i o n  assembly i s  leak tes ted  as shown i n  
Figure 39. The Veeco hel ium leak  de tec tor  i s  hooked i n t o  t h e  bottom 
dome pressure tap and t h e  e n t i r e  i n s u l a t i o n  assembly i s  evacuated v i a  
t h e  bottom dome assembly t h r u  t h e  bleeder patches connecting the  
cy1 inder and dome i n s u l a t i o n  assembl ies. He1 ium gas i s  sprayed over  
the e x t e r i o r  surfaces o f  the i n s u l a t i o n  and the leak  detector  monitored 
f o r  i n d i c a t i o n  o f  hel ium p i c k  up. No leaks were detected i n  the  assembly 
dur ing t h i s  process. To a s c e r t a i n  the v a l i d i t y  o f  the  leak test, a 
small p i n  ho le  leak was punctured i n  t h e  top dome a t  a p o i n t  f u r t h e s t  
from t h e  a f t  dome pressure tap. The leak de tec tor  response was noted 
i n  approximately 14 seconds when a pressure increase and hel ium p i c k  
up was ind icated t o  v e r i f y  the  leak t e s t i n g  c a p a b i l i t y  o f  t h i s  system. 
The p i n  ho le  leak was repai red t o  complete t h e  i n s u l a t i o n  assembly f o r  
the  f o l l o w  on process o f  wrapping t h e  s t r u c t u r a l  shel l .  
A l a r g e  .0017" AMA doubler s t r i p  i s  bonded 
U t i l i z i n g  t h i s  pressure 
6. F i  lament Wound St ruc tura l  She1 1 
The mandrel and i n s u l a t i o n  assembly was mounted i n  a t u r r e t  type 
f i lament  winding machine as shown i n  F igure 40. To insure adequate 
adhesion o f  t h e  f i lament  wound glass roving, the  e x t e r i o r  sur face o f  
the e n t i r e  i n s u l a t i o n  assembly was cleaned by the Chem-Lock process 
and primed w i t h  a brush coat o f  Epon 828 and Versamid 125 polyamid- 
epoxy resin.  The r e s i n  was al lowed t o  reach a tacky s t a t e  before the  
longo wrap was started. To apply the longo wrap the  mandrel i s  t i  1 ted  
t o  the wrap angle and i s  revolved past a f i xed  d i s t r i b u t o r  head guid ing 
t h e  wet r e s i n  impregnated glass roving. A t  the same t ime the  mandrel 
precesses about i t s  a x i s  t o  a p rec ise  indexing f o r  a uni form d i s t r i b u t i o n  
o f  the glass rov ing over the  sur face o f  t h e  i n s u l a t i o n  as shown on 
Figure 41. 
i s  two layers o f  the S/HTS glass rov ing having a l a y e r  dens i ty  o f  about 
206 ends per  inch o f  width. 
The longo wrap i s  one complete 360 degree cover ing which 
The in-process appl i c a t i o n  o f  one o f  f o u r  layers o f  c i r c u m f e r e n t i a l  
wrapped rovings i s  shown i n  F igure 42. 
t h e  mandrel i s  hor izon ta l  and t h e  mandrel i s  r o t a t i n g  a t  a r a t e  synchronized 
t o  the l a t e r a l  movement o f  the  d i s t r i b u t o r  head t o  prov ide prec ise  
indexing f o r  a uni form wrap o f  the  wet r e s i n  impregnated glass rov ing 
onto the  longo wrapped roving. The complete c i r c o  wrap i s  f o u r  layers  
o f  S/HTS g lass rovings app l ied  between the  c y l i n d e r  sec t ion  t r a n s i t i o n  
points  as shown on F igure 43. 
I n  t h i s  opera t ion  the  a x i s  o f  
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The f i 1 ament wi nd i ng res i n (Union Ca rbi de 2256 epoxy res in 
with ZZL 0820 hardener) was partially cured under heat lamps for 
six hours with the mandrel rotating. The filament wound structural 
shell was then completely cured at a long term low temperature post 
cure cycle not detrimental to the foam insulation. 
cycle was as fol lows: 
The post cure 
1 5OoF 5 hours 
1 7OoF 2 hours 
180°F 12 hours 
7. Mandrel Removal 
The polystyrene foam mandrel was completely removed in seven hours 
using 120 lbs of Trichlorethane to dissolve out the foam and an additional 
65 lbs of Trichlorethane for rinse and removal o f  scum residue on the 
interior walls of the cryogenic 1 iner. The procedure was as follows: 
(a) Remove mandrel shaft lock nut and bushing from fill neck area. 
(b) Pour Trichlorethane (solvent) into hollow shaft and soften the 
foam mandrel adjacent to shaft. 
(c) Carefully pull shaft from mandrel and fill neck tube. 
(d) Pour additional solvent into filler neck and slowly rotate the 
Pour off foam slush and spent solvent. 
tank and mandrel on padded table top to distribute solvent in the 
mandrel. 
(e) Pour in fresh solvent and repeat (d) as required to completely 
a1 1 pieces of the foam mandrel. remove 
(f) Rinse 
cotton 
of res 
nterior of tank with mixture of fresh solvent and clean 
rags sloshed about to gently scrub the cryogenic liner free 
due and scum. 
(9) Final rinse with solvent only. 
The total solvent and rinse time was less than six hours and was 
considered of no detriment to the bonded joints of the cryogenic liner. 
Tests conducted on bond line samples showed no deleterious effects in 
24 hours immersion in Trichlorethane solution. 
8. Final Leak Tests 
The completed tank assembly was tested for leak tightness of the 
insulation after removal of the mandrel. 
helium detector is hooked up to the pressure tap protruding from the 
AS shown in Figure 44 the 
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bottom o f  t h e  tank. The foam i n s u l a t i o n  was evacuated by the  4" 
Veeco vacuum s t a t i o n  roughing pump and t h e  Veeco MS-9 leak detector  
d i f fus ion  pump. Helium gas was sprayed over the  e x t e r i o r  surfaces 
o f  t h e  tank and t h e  leak detector  monitored f o r  any leaks t h r u  the 
e x t e r i o r  vacuum jackets  o f  the  insu lat ion.  He1 ium was a l s o  introduced 
t o  the i n t e r i o r  o f  the tank t h r u  the  f i  1 l e r  neck t o  check f o r  leaks 
i n  the cryogenic l i n e r  and i n t e r i o r  vacuum j a c k e t s  o f  t h e  insu lat ion.  
No leaks could be detected i n  the cryogenic l i n e r  and i n s u l a t i o n  vacuum 
jackets. This was considered the  f i n a l  q u a l i f i c a t i o n  t e s t  f o r  t h e  tank. 
9. Weight Summary 
The completed tank shown i n  F igure 45 weights 17.20 Ibs. A weight 
breakdown i s  as fo l lows: 
Cryogenic L i ner 63# 
I n s u l a t i o n  Assembly 
Top Dome Assembly 6.21 
( includes 4.95# f i l l e r  neck) 
Cy1 i nder Sect i o n  3.64 
Bottom Dome Assembly 1.35 
(i ncl  udes .18" pressure tap) 
11.20 11.20 
L 
Filament Wound St ruc tura l  5.37 
Total  Weight 17.20# 
SECTION V - CONCLUDING REMARKS 
The e f f o r t  described here in  ind icates t h a t  subscale f i lament  wound 
f iberg lass  re in fo rced p l a s t i c  tanks w i t h  i n t e r n a l  encapsulated foam i n s u l a t i o n  
f o r  1 i q u i d  hydrogen use can be successfu l ly  fabr icated. 
i s  bel ieved t o  represent a s i g n i f i c a n t  s tep toward advancing t h e  s tate-of - the-  
a r t  o f  new mater ia ls  f o r  rocket p r o p e l l a n t  tanks. 
This cons t ruc t ion  
14 
SECTION I11 - TECHNICAL DISCUSSION 
TABLE I - TEST PROGRAM AND TEST RESULTS 
Ultimate Tensile Strew& and Modulus 
Test NO. of Gage 
Material T q  Specimens Lekth 
.0007 u Boom 5 h in. 
a n ~ l a r  ~ m p  5 4 
.0007 Al 5 8 
5 8 
5 
5 
5 
5 20 
1 2  
l2 
20 
-3009 1 5 
Specimen 
Direction 
L 
C 
L 
C 
Averane Modulus - 
PSI 
2.h2 x lW 
2.43 x 106 
2.66 x 106 
3.11 x 106 
3.02 x 106 
3.10 x 106 
2.99 x 106 
2.9& x 106 
4.56 I lo6 
- 3 m  6 6 L 24,240 - . 
.om u Boom 5 4 L 10,500 3.76 x 1oP 
5.39 x 106 . 0 0 l m l a r  Temp 5 20 L 10,300 
*002 u -3009 3 6 L 18,450 
-24ooP 1 6 L 17,420 
- - 
C y c l i w  Tests 
Material Terp Length Load-& cycles Ib 
00007 u Room Tenp 8 in* 15 6 15 
.001 Mylar 20 15 6 15 
5 .0007 Al 20 l.4 
8 15 6 
20 25 4 25 - 20 5 15 
0 - 25 5 15 
-300 F 6 25(RT) 1 50 
6 25(RT) 6 45 
6 50 6 40 
6 50 
6 15 
6 55 
20 
6 25 
5 
6 2 5  
0 0 0 2  Al Roan Temp 20 in. 30 
,001 Mylar 20 30 
Test Gage Initial  Number of Cycling Loads 
2 a t  l4; 3 a t  18 
2 a t  15; 4 a t  18 
*002 Ai 4 30 6 
6 
6 
4 
-3ooOP 6 40(RT) 
-3ooop 6 4O(RT) 6 
30 
25 
25 
80 
70 
15 

, . .I 
-103 1 
FIGURE 3.  - DETAILS OF FILAMENT 
I 
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-103 TUBE ASSY 
-A 
-WOUND CRYOGENIC TEST TANK. 
19 
1 
I 
20 
l3l ALUMtNUM FOIL 
LAMINATE 
. 
v-J k . 7 5 " W J D E  GlUE LINE, 
STYLE 116 GLASS 
CLOTH BLEEDER PLY 
BOND LINE TEST SPECIMEN 
21 
b - 0 In 0 4 - 
22 
23 
I 
LOAD * 
25 
4 
20 
lo 
0 L 
24 
. 
s 
t 
3 
3 
I 
3 
r 
9 
0 
0 
4 
25 
W A D  
PourrDs 20 
IS 
IO 
5 
0 
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FIUJRE 20 - BLZEDF3 PLY - CUTER VACUUM JACKET - TOP DOPE INSUMTIOI 

FIGURE 22- INPXR VACUUh JACKET EONDIXG TO FILL hTCK 
.I 
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FIGERJ3 26 - TOP WiB I I . . S U U T I O N  RND BASE CHANNEL 
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FIGURE 30 - BOTTON TXSUUTIOFI DOKE assmLy 
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FIWRE 31 - C Y L I ~ Z S  SZCTIOK ~ S U L A T I O N  BEFORE FECAL RIM 
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FIGURE 32 - CYLIBDEF, SECTION INSULATION AFTER FINAL TRIM 
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ABSTRACT 
De ta i l s  a r e  presented o f  t h e  design and f a b r i c a t i o n  o f  a subscale 
f i lament  wound f i be rg lass  re in fo rced  p l a s t i c  tank w i t h  i n t e r n a l  encap- 
su la ted  foam i n s u l a t i o n  f o r  l i q u i d  hydrogen use. A t h i n  laminate o f  
aluminum-mylar-aluminum f o i l  was used f o r  t he  vacuum t i g h t  j a c k e t  around 
t h e  polyurethane foam. An inner  laminate served as the  impermeable 
1 iner  t o  con ta in  the  hydrogen. 
